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bstract
Azadirachta  indica  (neem) belonging to Meliaceae  family is very important medicinal plant which is traditionally used to treat
ifferent diseases. The objective of this study was to evaluate in  vitro  antioxidant activity and characterize the chemical con-
tituents in different crude extracts of the leaves of Azadirachta  indica  (neem) by using modern sensitive gas chromatography–mass
pectrometry (GC–MS). The evaluation of antioxidant activity of different crude extracts was determined by DPPH (2,2-diphenyl-
-picrylhydrazyl) method. GC–MS analyses showed that majority of these identified compounds in various crude extracts contain
ormal hydrocarbons, phenolic compounds, terpeniods, alkaloids and glycosides. The high percentage of compounds that were
dentified in the crude extracts are chemically and biologically important. The evaluation of antioxidant capacity of different crude
xtracts was in the order of chloroform > butanol > ethyl acetate extract > hexane extract > methanol extract. The important chemical
onstituents were present in the leaf crude extracts of neem that can be endorsed to cultivation on a domestic plantation. The
ppropriate crude extracts for selective bioactive organic compounds can be chosen on the basis of GC–MS analysis. Therefore
he identified good number of chemical compounds from various extracts of neem might have some ecological benefit for different
liments. Result from this study suggested that the chloroform crude extracts of neem could be used as a natural antioxidant.
 2013 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.
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Azadirachta  indica  is locally known as Neem. It is
a tree in the mahogany family of Meliaceae. It has one
or two species in the genus of Azadirachta.  It is native
to India, Bangladesh, Thailand, Nepal and Pakistan. It
is growing well in tropical and sub-tropical regions. The
neem oil is isolated from its fruits and seeds [2,8,19].
Neem is most important medicinal plant that has been
declared worldwide as the “Tree of the 21st century” by
the United Nations. In India, it is called “Divine Tree”,
“Life giving tree”, “Nature’s Drugstore”, “Village Phar-
macy” and “Panacea for all diseases” [1,5,9,15]. The
chemical constituents are found in the leaves of neem
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as nimbin, nimbanene, 6-desacetylnimbinene, nimban-
diol, nimbolide, ascorbic acid, n-hexacosanol and amino
acid, 7-desacetyl-7-benzoylazadiradione, 7-desacetyl-7-
benzoylgedunin, 17-hydroxyazadiradione and nimbiol
[3,10,12].
Due to its medicinal importance it is used to prepare
formulated medicine for the treatment of a variety of
human ailments. Traditionally, people used to clean their
teeth with neem twigs. Drink of its juice is considered as
a good tonic to increase appetite and cure fever or to kill
intestinal worms. Traditionally, neem is also widely used
in Indian Ayurvedic medicine system for the treatment of
incurable diabetes [9,11,16]. Therapeutically, its crude
extracts from bark and leaves have been used in folk
medicine to control diseases such as leprosy, intestinal
helminthiasis and respiratory system [17]. Besides these
uses, there are several other reports on the biological and
pharmacological actions such as antiviral, antibacterial,
antifungal, anti-inflammatory, antipyretic, antiseptic and
antiparalitic uses [4,7,17].
Nowadays, the formulation of neem oil has been
effective to controlling mosquito larvae in different
breeding sites under natural field conditions. This could
be used as an alternative medicine for malaria control
[7,15,18]. The literature search reveals that still no work
has been done on this Omani neem crude extracts by the
researcher. For this reason, the aim of this work is to
characterize the chemical constituents and chemical fin-
gerprint of different organic crude extracts of this plant
species native to the Sultanate of Oman.
2.  Materials  and  methods
2.1.  Chemicals
All solvents used in this present study such as hexane,
ethyl acetate, chloroform, butanol and methanol were
obtained from BDH, UK. The DPPH (2,2-diphenyl-1-
picrylhydrazyl) was obtained from Sigma. The other
chemicals used were of analytical grade.
2.2.  Plant  sample
Neem samples were collected from Manah, Nizwa,
Sultanate of Oman. The plants were harvested on 15th
March, 2012 and those were collected in the afternoon
at 5 pm. The collected samples were packed instantly
in polyethylene bags. The samples were kept frozen at
◦4 C until extraction. The samples were washed with
water and finally with distilled water to remove dust.
The samples were dried under shade at room temperature
for 3 days. Approximately 150 g of leaves samples wereersity for Science 7 (2013) 181–188
ground using a grinder machine (Jaipan, Supper Deluxe,
and India) for 20 s. Finally the dry leaves samples were
pulverized into powdered form.
2.3.  Extraction  procedure
Neem leaf powders (127 g) were extracted with
methanol solvent (500 ml, 72 h) by using Soxhlet extrac-
tor. After extraction, it was filtered and the methanol sol-
vent was evaporated completely by using rotary evapora-
tor (Yamato Rotary Evaporator, Model RE 801). The sol-
vent free methanol crude extract (9.6 g) was suspended
in distilled water (100 ml). The suspension was trans-
ferred into a separatory funnel. Then it was extracted
successively with different organic solvent with increas-
ing polarity such as hexane, chloroform, ethyl acetate
and butanol resulting: hexane (1.327 g), ethyl acetate
(4.425 g), chloroform (1.00 g), and butanol (1.20 g) and
residual methanol fractions (2.09 g), respectively, [9].
All the crude extracts were filtered using filter paper
(Whatman No. 41) to obtain particle-free crude extract.
The defatted extraction procedure was repeated twice for
all solvent for complete extraction and then filtered. The
combined extracts were concentrated and evaporated by
using rotary evaporator and dried under vacuum.
2.4.  Evaluation  of  antioxidant  activity
The antioxidant activity of different neem crude
extracts was evaluated described by Prieto with mod-
ification [17]. The crude extracts such as hexane,
chloroform, ethyl acetate, methanol and butanol were
diluted with appropriate solvents and prepared the serial
concentrations (12.5, 25, 50, 100 and 200 ppm equiva-
lent to 12.5, 25, 50, 100 and 200 g/ml, respectively).
Each concentration (4 ml) was placed in a working test
tube. Then DPPH (2,2-diphenyl-1-picrylhydrazyl) (1 ml,
0.1 mM, methanol) was added to the test tube and shaken
vigorously by hand. After shaking all the test tubes were
allowed to stand at 27 ◦C in a dark place for 45 min. The
control sample was prepared according to the same pro-
cedure without any extract. The absorbance of the tested
samples was measured by UV spectrophotometer at the
wavelength 517 nm. The total antioxidant activity of the
tested crude extracts samples was estimated as the inhi-
bition percentage and was calculated by using the well
established formula.2.5.  GC–MS  analysis
The various crude extracts from the leaves of neem
samples were analyzed using a Perkin Elmer GC–MS
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Model Perkin Elmer Clarus 500, USA) equipped with
 fused silica capillary column (30 m ×  0.25 i.d., film
hickness 0.25 m) coupled with a Perkin Elmer Clarus
00C MS. An electron ionization system with ionization
nergy 70 eV was used for the detection of compounds.
nert gas helium was used as a carrier gas at constant
ow rate of 1 ml/min. Mass transfer line and injector
emperatures were set at 220 and 300 ◦C, respectively.
he oven temperature was programmed started from 50
o 150 ◦C at 3 ◦C/min, then held for 10 min and finally
aised to 300 ◦C at 10 ◦C/min. The crude samples were
iluted with appropriate solvent (1/100, v/v) and filtered.
he particle-free diluted crude extracts (1 l) were taken
n a syringe and injected into injector with split mode.
he split ratio was of 1:120. The percentage composi-
ion of the crude extract constituents was expressed as a
ercentage by peak area.
The organic chemical compounds were identified and
haracterized in various crude extracts was based on GC
etention time. The mass spectra were matched computer
atching with those of standards available in existing
omputer library (Mainlab, Replib and Tutorial data of
C–MS systems) [10,19].
.  Results
.1.  Antioxidant  activity
The antioxidant activity of different crude extracts of
he leaves samples was tested through DPPH method
nd the results were presented in Fig. 6. The antioxi-
ant activity is mainly depends on phenolic compounds,
lkaloids, terpenoids and their derivatives. All these
ompounds and their derivative were present in the
eaves crude extracts. These compounds produce the
ree radical and then react with DPPH and gradu-
lly changed its colour. In this present study, all these
ve crude extracts were able to decolorize with DPPH
nd the activities of different crude extracts from the
eaves of neem were found to be in the order of chlo-
oform extract > butanol > ethyl acetate extract > hexane
xtract > methanol crude extract (Fig. 6).
.2.  Chemical  composition  of  different  extracts
The hexane crude extract after defatted of methanol
rude extract of neem was analysed by using GC–MS
ad to be identification of 16 different groups organic
ompounds, representing 1.327% of the total extract
rom leaves samples. The chemical compounds were
dentified in the defatted hexane crude extract listed in
able 1 according to their retention time on a fused silicaersity for Science 7 (2013) 181–188 183
capillary column. The chemical compounds were iden-
tified in hexane crude extract are listed in Figs. 1 and 2
and Table 1. They are as gamma.-elemene (1.05%),
(2E)-3,7,11,15-tetramethyl-2-hexadecen-1-ol (2.99%),
methyl petroselinate (11.23%), phytol (2.61%), methyl
isoheptadecanoate (2.19%), hexadecamethylcyclooc-
tasiloxane (7.46%), butyl palmitate (6.69%), 2,6,10,14-
tetramethylheptadecane (2.68%), nonadecane (3.75%),
isobutyl stearate (4.25%), oxalic acid, 2-ethylhexyl
tetradecyl est (13.70%), heptacosane (8.10%), eicosane,
7-hexyl (10.01%), heptacosane, 7-hexyl (6.77%) and
octacosane (7.09%).
The isolated ethyl acetate crude extract from
defatted methanol crude extract was analyzed by
using GC–MS. Total 9 different organic compounds
were identified by using the same capillary col-
umn and conditions, representing 4.42% of the total
extract. The total chemical constituents that were
present in ethyl acetate crude extract (Fig. 3 and
Table 1) are as follows: (Z,E)--farnesene (2.32%),
gamma.-elemene (4.04%), 2E-3,7,11,15-tetramethyl-2-
hexadecen-1-ol (5.28%), hexahydrofarnesyl acetone
(5.28%), methyl 14-methylpentadecanoate (6.42%),
9,12,15-octadecatrienoic acid, methyl (6.19%), phytol
(61.24%), 1-tridecene (2.82%) and 9E,12E,15E)-
9,12,15-octadecatrien-1-ol (4.62%).
The defatted chloroform crude extract was analyzed
by using GC–MS had leading to the identifica-
tion of 6 different organic compounds using fused
silica capillary column and conditions, representing
1.2% of the total extract from leaves samples of
neem. The chemical constituents that were character-
ized in chloroform extract (Fig. 4 and Table 1) are
(2E)-3,7,11,15-tetramethyl-2-hexadecen-1-ol (14.43%),
methyl 14-methylpentadecanoate (31.86%), lineoleoyl
chloride (11.35%), phytol (10.05%), methyl isoheptade-
canoate (11.62%) and nonacosane (20.65%)
The butanol plant crude extract derived from
methanol crude extract was analyzed by using GC–MS
leading to the identification of 8 different organic com-
pounds, representing 1.00% of the total extract from
leaf samples of neem. The major chemical constituents
that were characterized in butanol extract (Fig. 5 and
Table 1) are levoglucosenone (7.12%), benzaldehyde,
2-methyl- (11.86%), 2-methyl-5-ethylfuran (4.82%),
(2E)-3,7,11,15-tetramethyl-2-hexadecen-1-ol (7.24%),
methyl 14-methylpentadecanoate (13.44%), lineoleoyl
chloride (13.60%), nonacosane (12.87%), and hentria-
contane (13.98%).
Finally, the residue of methanol crude extract was
analyzed by using GC–MS leading to the identification
of 4 different organic compounds, representing 2.09%
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Table 1
Chemical composition of different crude extracts of the leaves samples of neem.
Sl No. Name of compounds Retention time Leave (%)
Hexane crude extract
1 Gamm.-elemene 24.373 1.0157
2 (2E)-3,7,11,15-Tetramethyl-2-hexadecen-1-ol 39.134 2.9982
3 Methyl petroselinate 47.307 11.2380
4 Phytol 47.677 2.6170
5 Methyl isoheptadecanoate 48.108 2.1921
6 Hexadecamethylcyclooctasiloxane 48.338 7.4663
7 Butyl palmitate 49.803 6.6981
8 2,6,10,14-Tetramethylheptadecane 50.133 2.6875
9 Nonadecane 52.905 3.7587
10 Isobutyl stearate 55.261 4.2521
11 Oxalic acid, 2-ethylhexyl tetradecyl est 55.556 13.7094
13 Heptacosane 58.102 8.1010
14 Eicosane, 7-hexyl- 60.558 10.0136
15 Heptacosane, 7-hexyl 62.919 6.7730
16 Octacosane 65.205 7.0926
Ethyl acetate crude extract
1 (Z,E)--Farnesene 28.53 2.3402
2 Gamma.-elemene 29.25 4.0456
3 (2E)-3,7,11,15-Tetramethyl-2-hexadecen-1-ol 39.17 5.2852
4 Hexahydrofarnesyl acetone 39.37 2.5888
5 Methyl 14-methylpentadecanoate 42.02 6.4278
6 9,12,15-Octadecatrienoic acid, methyl es 47.34 6.1959
7 Phytol 47.71 61.2401
8 1-Tridecene 52.87 2.8279
9 9E,12E,15E)-9,12,15-Octadecatrien-1-ol 57.62 4.6274
Chloroform crude extract
1 (2E)-3,7,11,15-Tetramethyl-2-hexadecen-1-ol 39.17 14.4348
2 Methyl 14-methylpentadecanoate 42.03 31.8674
3 Lineoleoyl chloride 47.34 11.3587
4 Phytol 47.7 10.0515
5 Methyl isoheptadecanoate 48.14 11.6299
6 Nonacosane 67.43 20.6575
Butanol crude extract
1 Levoglucosenone 11.58 7.1217
2 Benzaldehyde, 2-methyl- 15.75 11.8674
3 2-Methyl-5-ethylfuran 31.65 4.8273
4 (2E)-3,7,11,15-Tetramethyl-2-hexadecen-1-ol 39.17 7.2454
5 Methyl 14-methylpentadecanoate 42.03 13.4471
6 Lineoleoyl chloride 47.33 13.6057
7 Nonacosane 67.42 12.8752
8 Hentriacontane 71.61 13.9887
Methanol extract
1 m-Toluylaldehyde 15.714 22.7669
2 Methyl 14-methylpentadecanoate 42.01 38.1251
3 Lineoleoyl chloride 
4 Methyl isoheptadecanoate 
of the total extract from leaf samples of neem. The
major chemical constituents that were found in methanol
extract (Fig. 6 and Table 1) are m-toluylaldehyde
(22.76%), methyl 14-methylpentadecanoate (38.12%),
lineoleoyl chloride (26.83%) and methyl isoheptade-
canoate (12.27%).47.347 26.8329
48.127 12.2749
4.  DiscussionThe different organic crude extracts from the leaves
samples of neem were analyzed for respective com-
pounds by GC–MS. The major chemical compounds
were identified in the hexane crude extract such as
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Fig. 1. A typical gas chromatogram of the chemical constituents of hexane crude extract from the leaves of neem.
Fig. 2. A typical gas chromatogram of the chemical constituents of ethyl acetate extract from the leaves of neem.
Fig. 3. A typical gas chromatogram of the chemical constituents of chloroform extract from the leaves of neem.
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Fig. 4. A typical gas chromatogram of the chemical constituents of butanol extract from the leaves of neem.
Fig. 5. A typical gas chromatogram of the chemical constituen
ride and hentriacontane. In this present study,Fig. 6. Radical scavenging activity of different crude extracts from the
leaves samples of neem by DPPH methods.
methyl petroselinate, methyl isoheptadecanoate, hexade-
camethyl cyclooctasiloxane, butyl palmitate, oxalic acid
2-ethylhexyl tetradecyl est, 2-ethylhexyl tetradecyl est,
heptacosane, eicosane and 7-hexyl-, heptacosane. Somets of methanol crude extract from the leaves of neem.
high percentage chemical compounds were identified
in hexane crude extract are chemically or biologi-
cally active [5,9,10,17,19]. The ethyl acetate crude
extract was analyzed using the same column and pro-
gramme. The predominant chemical constituents in
ethyl acetate crude extracts are as hexahydrofarnesyl
acetone, 9,12,15-octadecatrienoic acid, methyl, phy-
tol and 9E,12E,15E)-9,12,15-octadecatrien-1-ol. The
leading chemical compounds were obtained in chloro-
form crude extracts are as (2E)-3,7,11,15-tetramethyl-
2-hexadecen-1-ol, methyl 14-methylpentadecanoate,
lineoleoyl chloride, phytol, methyl isoheptadecanoate
and nonacosane. Finally the butanol extracts from
the leaves contain levoglucosenone, benzaldehyde,
2-methyl-, (2E)-3,7,11,15-tetramethyl-2-hexadecen-1-
ol, methyl 14-methylpentadecanoate, lineoleoyl chlo-chloroform crude extracts showed highest antioxi-
dant activity among the five crude extracts from
the leaves of neem samples were found to be
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n the order of chloroform extract > butanol > ethyl
cetate extract > hexane extract > methanol crude extract
Fig. 6). The identified compounds in different crude
xtracts from neem are hydrocarbon, terpenoids, phe-
olic, alkoloids and their derivatives. Literature search
eveals that most of the predominate compounds were
dentified in different crude extracts are biologically
ctive molecules [6,9,11,13]. These high percentage
hemical compounds were identified and characterized
n different organic crude extracts of neem which were
reviously reported from a number of other medicinal
lant species [8,16,17]. These identified active com-
ounds are considered to be plant defense systems
1,6,12]. Some of the chemical compounds were iso-
ated and identified in different crude extracts from
eem samples those active compounds are currently used
s natural antioxidant, antimicrobial agents and in the
ormulation of different medicines [4,8,14,16,19]. The
bjective of this research is to identify and characterize
f good number of organic chemical compounds in var-
ous organic crude extracts of neem might have some
cological and medicinal benefits. This study shows
hat the isolated chemical compounds in different crude
xtracts from neem could be used as a vital source
f natural antioxidant for food and pharmaceutical
ndustry.
.  Conclusion
The present results of this study do not reveal that
hich chemical compound is responsible for different
ctivity. To our knowledge, this report is the first report
o investigate in  vitro  antioxidant activity as well as the
hemical composition of plant crude extracts of Omani
eem by GC–MS. Hence, the whole plant could be of
se as a good source of antioxidant. Further studies are
eeded for the isolation and identification of individ-
al compounds from the plant crude extracts of Omani
eem and also in  vivo  studies are needed for better
nderstanding of their mechanism of action as antiox-
dant.
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